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ABSTRACT 
The ARPA/AFML Interdisciplinary Program for Quantitative Flaw Definition has demonstrated a number 
of new techniques for quantitatively sizing flaws, as are reported elsewhere in these proceedings. The 
next step required in the transfer of th.is technology to the production line is the assembly and demon-
stration of these techniques in a single, integrated measurement system. The technical plan of a 
recently initiated test bed program, which_will serve this function, is described here. 
The hardware system will consist of a California Data Corporation microcomputer based controller 
driving a six degree of freedom system composed of an Automation Industries manipulator and turntable 
plus an in-house bridge. Overall control of the system will l:)e handled by a Data General, Eclipse S/200 
minicomputer. This system wil I have a series of operational modes. Initial scanning of a· part will be 
accomplished in a manner similar to that presently used in computer-controlled ultrasonic systems at 
several industrial facilities. In addition, the system will have an extended data gathering capability 
so that imaging, adaptive learning, and long wavelength flaw characterization ·techniques can be imple-
mented under control of the minicomputer and with the aid of auxiliary hardware as appropriate. The 
computer will further be used in processing and displaying the derived, failure re·lated information. 
System design will be sufficiently flexible that it can be used in the evaluation of other new research 
results as they are developed. 
The ultrasonic test bed program has been ini-
tiated to complement the ARPA/AFML Interdisci-
plinary-Program for Quantitative Flaw Definition. 
Specifically, we plan to implement the variety of 
new techniques that have arisen for obtaining 
quantitative data about flaws such as the size, 
shape, orientation and stress intensity factor. 
The camp 1 eted test bed wi 11 be self con-
tained, will be based on the design used in com-
mercially available contour following units and 
will use commercially available hardware and 
controllers coupled to a dedicated minicomputer. 
All .of the modes of flaw characterization that 
are being developed in the ARPA/AFML program will 
be incorporated in the test bed. These techniques 
will be applied to geometries that are found in 
real parts such as turbine disks. The test bed 
design will be sufficiently flexible to evaluate 
other new techniques as they become available. 
An important feature of the test bed is that 
it is a fully dedicated facility that will be 
available for use by DoD contractors for a year 
after completion of the contract. 
To facilitate the explanation of the test bed 
program, the feedback system shown in Fig. 1 will 
be used as a paradigm. The input to this system 
will be real parts containing flaws. A collection 
of data will be extracted from each part concern-
ing the location and number of tentative flaws. 
Next, each flaw will be processed according to 
one or more of the established techniques for 
extracting quantitative values of the flaw para-
meters. 1 hese measured flaw parameters will then 
be compared to the actural flaw parameters and 
the results of this comparison will be fed back 
and used to improve the techniques for obtaining 
quantitative values of the flaw parameters. 
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Fig. 1. Feedback system paradigm for test ·bed 
program. 
The present ARPA/AFML program has fostered 
the development of the separate modules that make 
up the flaw processing block in the diagram. One 
of the functions of the test bed program will be 
to integrate these modules into a working system. 
It will be necessary to establish a suitable inter-
connection scheme for the modules and deal with 
any interfacing problems that occur. The test 
bed program will also address the problem of 
extra~ting data from flaws in real parts. The 
basis for doing this will be a conventional con- • 
tour following system. The departure from a con-
ventional system will occur when specific flaws 
are addressed in a detailed way, and in the use Of 
an acoustic array to gather data. Finally, the 
test bed will provide a means for directly comparing 
the results of flaw evaluation techniques in real 
parts with the actual flaw parameters. 
The benefits to be derived from the test bed 
program are closely,related to the system shown in 
Fig. 1. The technology transfer items are: 
1) The integration of the various research 
results or modules into a form suitable for 
transfer to DoD contractors. 
2) The demonstration that tha improvad accspt/ 
reject criteria can be applied successfully 
to rea I parts. 
3) A prototype for future, more specialized 
systems and stand alone spin-offs. 
There are two interrelated items that are 
associated with the feedback loop to the research 
modules. First, there is the comparison of the 
measured flaw parameters with the actual flaw 
parameters and the refining of the measurement 
techniques. Second, if after suitable refinements 
have been made, one finds that practical con-
straints degrade the quality of some of the mea-
sured flow parameters, this information can also 
be fed back into the research program. 
One of the laboratories within the Science 
Center will be dedicated for use by the test bed. 
lhe layout, shown in Fig. '· includes the water 
tank, instrument racks and the minicomputer. 
Rockwell is providing the money for the capital 
equipment as well as the laboratory space. The 
benches on the left side of the room will provide 
space for other uoo contractors to set up their 
own experiments to be performed with the test bed. 
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Fig. 2. Layout of test bed laboratory. 
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The test bed will operate in two distinct 
modes. First, there is the search mode during 
which the entire part is scanned. As the scan 
progresses, the echo waveforms are quickly compared 
in a fairly coarse way to some sort of reference. 
For those echoes that seem to come from flaws, 
the coordinates for the position of the flaw are 
stored in memory so that at a later time, the flaw 
can be fully evaluated. The test bed will then 
enter the evaluation mode and will take each of 
the tentatively identified flaws in turn and 
examine it in detail. The particular technique 
used for the examinations will depend on the size 
of the flaw relative to the wavelength of the 
ultrasonic beam. The appropriate parameter to use 
for categorizing flaws is ka, where k = 2~/A, A is 
the wavelength of the acoustic wave and a is the 
radius of the flaw. The four tec~niques.of 
examination to be used are summarized in Fig. 3 
according to the value of ka. 
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Fig. 3. Modes of operation. 
For ka > 6.3, imaging is the preferred method 
of examination. It provides high information con-
tent and an easily interpreted display. An addi-
tional advantage of this technique is that it can 
provide a high resolution map of the flaw area 
and can separate multiple flaws, even when it can-
not resolve details of the individual flavd. For 
ka ~ 3, it is preferable to use a model based recon-
struction technique, such as those being developed 
by Bleistein and Cohenl, and also Rose2 • Here, 
physical principles related to the wave propaga-
tion are used to improve the resolution and also 
treat mode conversion. For ka between 0.4 and 3, 
it is difficult to obtain information about the 
flaw unless one uses a model based on adaptive 
learning networks which takes account of multiple 
bounces within the scatterers. For ka < 0.5, we· 
are in the long wavelength regime. Here, one 
can maKe a few measurements and by calculating 
the curvature of the spectrum of the defect signal, 
one can deduce the stress intensity factor. Thus, 
it is possible to obtain a single number that 
will characterize the flaw. This may prove advan-
tageous for automating a system to categorize flaws. 
In order to implement these techniques, we 
must establish a protocol for their use. In other 
words, we must determine how the various research 
modules are to be interconnected .in the "quantita-
tive flaw techniques" box shown in Fig. 1. The 
system we intend to use is shown in Fig. 4. 
FlAW SIZ£ 
Fig. 4. System protocol. 
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The part is first searched and once a flaw 
is found, it is imaged. If the flaw size is re-
solved, the accept/reject criteria is used to 
decide if the part is acceptable. If it is un-
resolved, a map can be made to determine if there 
are multiple flaws within a small area. Next, 
appropriate data is taken so that a reconstruction 
technique can be used to form an image of the 
flaw. If the flaw is still unresolved, we will 
examine the Fourier transform of the defect signal 
with the transducer response properly deconvolved 
and determine the ka valu~ of the flaw. Depending 
on the value of ka, we wil I then use either adap-
tive learning techniques or long wavelength tech-
niques to characterize the flaw. 
The road maps shown in Fig. 5 provide some 
additional insight concerning the way results 
obtained in the ARPA/AFML program will be factored 
into the test bed program. At the present time, 
we are in the detailed design phase of the program 
and are utilizing inputs from the four different 
data gathering regimes to help define the needs 
of the system. Later, when the techniques are 
being implemented, the feedback loop of Fig. 1 
will be used to transfer information from the test 
bed to the ARPA/AFML program concerning the need 
for revision of some of the examination techniques. 
These revisions will subsequently be incorporated 
into the test bed program. This exchange wil I 
occur on a continuous basis for the entire period 
of overlap between these programs. 
The block diagram for the physical test bed 
system is shown in Fig. 6. The transducer has 
five degrees of freedom. lt can be moved recti-
linearly along x, y and 2, as well as having a 
double gimbal movement that will permit it to be 
rotated about two orthogonal axes. The two gim-
bal movements, as well as the z axis motion, are 
incorporated into a standard manipulator arm that 
is being provided by Automation Industries. The 
x and y motions are incorporated into an existing 
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assembly. We expect to maintain a positioning 
accuracy for the overall system of about .040" 
over the entire range of motion. Stepping motors 
wi 11 be used to move the transducer in . 001" i ncre-
ments. Tne control for the stepping motors w1ll 
be handled ny a microcomputer system that will ne 
provided by California Data Corporation. 
TEST BED PROGRAM CLOSELY COUPLED TO OUTI'UT OF ARPA/AFML 
PROGRAM FOR QUANTITATIVE FlAW DEFINITION. 
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Fig. 5. Road maps. 
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Fig. 6. Test bed block diagram. 
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In addition to the five degrees of freedom of 
the transducer, a sixth degree of freedom is pro~ 
vided by a turntable that provides a fast axis for 
rotationally symmetric parts such as turbine disks. 
In operation, the turbine disk will be rotated at 
a speed that is selected on the basis of the 
desired resolution for the inspection as well as 
the maximum pulse repetition rate of the trans-
ducer. The transducer will be moved radially 
along the turbine disk and will be kept pointing 
along the normal to the surface of the disK. The 
microcomputer wil I control the movement along any 
one curve segment, and the minicomputer will 
specify the end points of the curve segments and 
the location of their center of curvature if they 
are not straight lines. 
The echo train from the part will be digitized 
and sent to the minicomputer where it will be 
analyzed in a coarse way to see if there is a ten-
tative flaw present. !f a tentative flaw is iden-
tified, the minicomputer will obtain the coordi-
nates for that point from the microcomputer and 
store them in memory. lhis process will comprise 
the search mode that was mentioned above. When 
this process is completed, each of the tentative 
flaws wil I be examined in detail according to the 
specified protocol and quantitative flaw parameters 
will be determined. 
A schematic of the configuration of the water 
tank, x and y axes, and the manipulator 1s shown 
in Fig. 7. rhe water tank, which is being supplied 
by Automation Industries, will be about 5' long 
x 3 l/4' wide x 3 l/2' deep. The turntable will 
be located in the bottom of this tank. The block 
diagram of the microcomputer system that is being 
supplied by California Data Corporation is shown 
in Fig. 8. The minicomputer (an Eclipse S/200) 
will send over the starting and ending coordinates 
for the curve segments of a rotationally symmetric 
part. For an arc, the coordinates of the center 
of curvature wi 11 be sent over as we 11. These 
coordinates will be stored in the·HAM memory. The 
master control will proportion the steps to the 
various stepping motors so that the transducer 
follows the contour of the part with a precision 
that is commensurate with the precision of the · 
stepping motors. The minicomputer will be ana-
lyzing the echo data and when it identifies a ten-
tative flaw, it will obtain the coordinates of 
the flaw from the microcomputer and store them in 
memory. 
Fig. 7. Schematic of test bed. 
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Fig. 8. Block diagram of microcomputer system. 
We have been implicitly assuming that a single 
transducer will be utilized fo.r the search mode 
described above. lhis wil1 certainly be true dur-
ing the initial phases of the program. We also 
plan to initially use only one or two transducers 
for collecting data during the detailed examination 
mode. Ultimately, we plan to use an acoustic array~ 
both for forming images and also for obtaining 
scattering data. We are currently doing the design 
work for an ar-ray that will be suitable for these 
purposes. Figure 9 shows a linear array with time 
delay steering which would have a total of 240 ele-
ments. Only 16 contiguous receive and 16 contiguous 
transmit elements would be used at any one time. 
The delays for the elements would be programmable. 
rhis type of array would be advantageous for looking 
at real parts that have non-flat surfaces. The 
capability of tilting the beam and changing its 
focus would permit contour following at a much 
faster rate than is possible with stepping motors. 
Furthermore, one could adjust the focus to compen-
sate for the deficiency caused by the curvature of 
the part. In the imaging mode, the second trans-
verse dimension of the image could be generated by 
rotating the turntable. There are, of course, other 
possibilities as well. lhe array would utilize 
pulses of ultrasound and would work in the reflec-
tion or pitch catch mode. The contour of the part 
would be stored 1n the computer and would be used 
to steer and scan the beam formed by the array. 
IMAGING MODE 
PART SURFACE 
Fig. 9. Linear array used for reflection mode 
imaging. 
For obtaining scattering data, the array 
could be used as shown in Fig. 10, i.e., in a 
pitch catch mode. with the receive elements oper-
ating over a range of angles as the array is 
rotated about an axis passing through the flaw. 
Note that the array has the flexibility to operate. 
in the pulse echo mode and also to use a group of 
eiements displaced from the rotation axis as trans-
mitters in a pitch catch configuration. 
SCAffiRING MODE 
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Fig. 10. Linear array used in a pitch catch mode 
for obtaining scattering aata. 
The electronics for driving this array (Fig. 
11) will be comprised of 16 receive channels and 
16 transmit channels. There wil I be a program-
mable digital delay line in each of the 16 trans-
mit channels that will be switched to one of the 
16 active transducer elements by a switch1ng 
matrix. The delay lines and the switching matrix 
will be driven by a computer memory containing 
tne part contour information. The active array 
elements will be shock excited. lhe receive 
channel will nave a preamplifier, another pro-
grammable switching matrix and a programmable 
analog delay line. The outputs of the analog 
delay lines will be summed and digitized before 
sending them to the computer. We are currently 
working out the details of this design. 
J 
Fig. 11. Electronics for driving array. 
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We plan to look at a wide variety of different 
parts during the test bed program, including many 
of the samples that have been used during the 
ARPA/AFML program. In addition, we will specifi-
cally look at three categories of defects as a 
final exam. First, there will be a demonstration 
of the capability of the ultrasonic inspection 
system to pred1ct the life of a cracked part sub-
ject to fatigue stresses. We will first measure 
the size and aspect ratio of a surface crack on a 
flat plate. Next, the sample will. be fatigued and 
then ultrasonically measured. This cycle will be 
repeated several times in order to demonstrate 
that the crack growth can be tracked by ultrasonic 
measurements. A prediction of the life of the 
sample will be made and then it will be fatigued 
until failure. The actual lifetime wi 11 be com-
pared with the predicted lifetime. 
Next, there wil I be a demonstration of the 
capability of the test bed to detect and size 
internal inclusions in a real part. One of the 
parts that is of current interest is a turbine disk, 
and in particular, there is a need to be able to 
detect defects in the inner bore of a F-100 tur-
bine disk. This inner bore is 7" in diameter and 
the test bed will be designed to access a bore of 
this size. tlecause of the difficulty of obtaining 
a turbine disk with a flaw in its inner bore, we 
wi 11 probably simulate this flaw by diffusion 
bonding two titanium disks together with an inclu-
sion inside of them. The bonded disk will then be 
machined so that it is crescent shaped with the 
inner periphery of the crescent having a 7" dia-
meter. The flaw will be just inside of this inner 
surface. Thus, we will nave to access a flaw that 
is just below a concave cylindrical surface. 
Finally, we wil I inspect a part with a complex 
geometry. We anticipate that this will be the 
third stage compressor disk that has been removed 
from a TF-33 engine. This disk will contain 
cracks emanating from bolt holes previously char-
acterized by eddy current techniques. This will 
provide the most stringent test of the effects of 
complex geometry on the quantitative NDE procedures. 
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DISCUSSION 
Paul Holler (Saarb;·ucken University): I'm accustomed to observe from this country that which is called 
"mock-ups" and you use the term "test bed." My question is: These test beds which were described 
which you're going to build, are they prototype equipment for automatic testing systems to relate to 
use in fabrication or are they just to demonstrate the capabilities of systems and methods you're 
developing under this program? 
Robert C. Addison (Science Center): The test bed that I am working on I see, first of all, as a demon-
stration of some of the quantitative flaw techniques with real parts and second of all, as I mentioned 
in one of the slides, our test bed will probably will be more general than one might really want 
for a specific system. Thus, you would select a system or a class of parts and then you would 
specialize the system. This system could then be used as a prototype for a specialized system. 
Paul Holler: We are not yet considering the environmental discrepancies and conditions you would have 
later on, so the mock up will be the next step? 
Robert C. Addison: Yes, I believe that will be the next step, if I understand the questio·n. 
Paul Honer: Thank you verj much. 
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